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hange is the only constant in life. The human
body constantly transitions
throughout life; whether through
ageing, sickness, injury, or surgery,
the body is never static. People’s
thoughts, opinions, ideas, and
feelings – all elements of the mind
- are also constantly changing. The
body and brain are not two separate entities, but are inseparable.
The biological, emotional, and
mental changes from childhood to
adulthood characterize our experience as humans. As bodies grow
in the world, so too do the minds
they shelter.
But what happens when a
person’s body is degenerating, paralyzed, or sick, while their mind is
still active and capable? Drs. Sergio Canavero and Ren Xiaoping,
along with their surgical team,
believe that surgery has come far
enough to help patients with failing bodies but active minds. Their
solution? Head transplant surgery.
This technology has great potential for helping the sickest among
us, but with powerful technology
also comes great ability to abuse
that technology.
The Science
Head Transplant
Allo-head and body reconstruc-
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tion (AHBR), cephalosomatic
anastomosis (CSA), head transplant, body-to-head transplantation (BHT), are all different ways
of referring to head transplants.
But they all are attempting to
take the healthy head and brain of
one individual and put it on the
healthy body of a brain-dead donor. The hope is that after recovery
and therapy, a healthy individual
comes out on the other end.
The technology to complete the first human head transplant has been a long time coming.
Research into other types of transplants has been ongoing, including
recent success in hand transplants,
as well as the reconnection/regeneration of sensory neurons. Recent
advances in neuroprotection, neural fusogen (agents that reconnect
neurons after they have been cut),
immunosuppression, and recovery
therapy have lead Drs. Canavero
and Ren to be optimistic that this
surgery will work.
The first human head
transplant surgery is scheduled
for December 2017. Drs. Ren
and Dr. Canavero will conduct it
with a support staff through Harbin Medical University, in Harbin,
China, and conducted on a Chinese national (because it is more
likely for a body donor to become
available).10 The donor body will
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be a brain-dead organ donor,
and the head donor will be a patient who suffers from some level
of full body degenerative disease,
and who is willingly participating
in the surgery, with the promise of
obtaining a new body. The identity of the body and head donors
have not been released to the public.4
Feasibility
While this is an experimental surgery that has never been done on
human subjects before, the expectations of Drs. Canavero and Ren’s
surgery is that it will be highly
successful, and help the lives of
patients suffering from tetraplegia
(paralysis from the neck down),
multiple organ failure, intractable
cancer without brain metastases,
progressive muscular dystrophies,
or any number of genetic or metabolic disorders.
The operating theater on the day
of transplant will be busy. Two
surgical teams, each working in
concert on either the donor head
or the donor body, must perfectly
time the surgical proceedings. The
body donor and head donor will
both be situated in upright sitting
positions in order to maximize the
access to the site during surgery.
The HEAVEN protocol as laid out
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by Dr. Canavero in his 2013 paper
will build off the techniques discussed above in History. The procedure from White et al. (1971)
will be used as guidance for the
separation of the head from neck,
hypothermia technique, as well as
reconnection of the vascular system. The operation will open the
area between C4-C6 vertebrae
(this is the part of the neck about
4 fingers from the base of the scull
and about 2 fingers above shoulder
level), with the spinal cord and vascular system transected at the C5C6 level. The Thyroid complex of
the body will be kept intact, and
the head’s thyroid system left behind.1 The Thyroid is responsible
for hormonal regulation of many
different parts of the body.
The GEMINI protocol
will use a diamond blade to sever the spinal cord on both the
body and head. This will make the
cleanest cut possible; important
for giving the PEG fusogen the
best chance to fuse the two separate nervous systems together. In
order to effectively work, the cords
must be connected with fusogen
no more than 2 minutes after spinal cord severance or the PEG will
significantly decrease in efficiency.1,5
The surgeons must be fully
prepared to work under extraordinarily tight time constraints, and
be confident in their work. In order for this fast transfer to occur,
all other aspects of the surgery
will need to be prepped before the
transfer, so that as soon as the spinal cord is severed the head can be
seamlessly transferred to the body,
the PEG fusogen applied, and the

1900
1910

Early 1900’s Head Transplant Surgery first conceptualized. Challenges: reconnecting blood vessels 7
1908 Dr. Carrel (French) and Dr. Guthrie (American) successfully attached one dog’s head to another’s neck allowing for blood flow 7
1912 Received the Nobel
Prize in Physiology and
Medicine for work on limb/
organ transplantation7

1920
1930

Dr. Demikov’s two headed dogs7 (Adapted from Lamba, Holsgrove & Broekman)

1940
1950
1960
1970

1953 Dr. Demikhov of the Soviet
Union conducted the first coronary bypass surgery in dogs; the dogs survived 2
years post-surgery 7

1954 First dog head transplant surgery; survived for 29 days with some
motor movement and ability to lap
up water. Challenges: immunosuppresion 7

1970 Robert White an American Neurosurgeon conducted the first total head
transplant on monkeys. Challenges: High levels of immunosuppressant agents
killed the monkeys prematurely 7
First total head transplant in a monkey
(from White et al. 1971)7

1980

1990 1999 Immunosuppressant agents developed and can be delived in non-toxic doses
2000

2006 First successful face graft:
shows skin rejection will not occur
using new immunosuppressants 7

2012 Spinal Cord Stimulation therapy for regaining motor movement
after spinal cord trauma 9

2013 Dr. Canavero published the

2010 paper that outlined the proposed sur- Nov 2017 the first head transplant prac2020

gery HEAVEN and the protocol for
spinal cord reconnection, GEMINI1

ticed on a cadaver 4

Dec 2017 The first head transplant is scheduled to take place 10

spinal cords aligned, all within a 2
minute window.
Throughout the surgery,
the patient will be in a drug-induced coma, which will continue
for three days after the surgery.
As with all transplants, immunosuppressant agents will be used
to prevent organ rejection. After
the surgery there will be therapy
to assist the patient regain motor
movement with the help of spinal

cord stimulation (SCS).
There is still work that
needs to be done as far as smoothing out surgical challenges and
practicing further. The time
crunch mentioned under the spinal fusion, and the low rate of success with the SCS therapy are the
two biggest barriers to this surgeries success. Further testing needs
to occur before this surgery should
be tested on a human.
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The Ethics
Who wakes up on the other side?
This surgery asks the fundamental
Surgical Challenges

Blood flow and
circulation

Successful?

Yes

Immunosupression

Yes

Severed Spinal Cord

Yes

question of what makes a person
himself or herself. Is it their brain?
Is it their body? Is it some interaction between the two? If the fairly
significant amount of research that
Progress to date

suggests that embodied cognition
is correct is true,14 there should
be a totally new and independent
person who comes out of the surgery. Embodied cognition is a
Further Issues

1908 Carrel & Guthrie7:
two-headed dog
1954 Demikhov7: two-headed
dog
1965 White7: monkey head
transplant
2016 Ren et al.12: two-headed
mice
1950-60’s Development of azathioprine, 6-mercaptopurine, and
corticosteroids7
1999 Immunosuppressants that
are effective in preventing skin
rejection without toxic events7

No further issues to address
before the surgery

A diamond scalpel makes a clean
cut through the spinal cord.⁴

The cleaner the cut, the cleaner the
rest of the procedure will be.

There is always room for improvement, but current immunosuppressants should work for this surgery.

Human cadaver practice

Spinal cord fusion

Not Fully

2016 Kim et al.5: PEG fusogen
help with spinal cord reconnection
Human cadaver practice

Neuroprotection

Yes

Recovery of motor
movement

Not Fully

Pain Control
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Yes

While this technology is very powerful, and has had success, it must be
admistered within the first 2 minutes or the fusion will not occur, and
the spinal cord will not reconnect.1

2016 Ren et al.12
2017 Li et al.8 - EEG monitoring shows hypothermia provides
neuroprotection from ischemic
events in a two-headed mouse
experiment

Induced medical coma and localized
hypothermia at in both the donor
brain and the donor spinal cord will
give the surgeons time, there the surgeons will still need to work fast.

2012 Minassian et al.9 - SCS a
therapy that helps patients regain
motor control
2016 Kim et al.5 - the fusogen

SCS shows some promise, but does
not have a high rate of success. The
fusogen, again, need to be applied
quickly in order to work.

2007 Canavero & Bonicalzi2
- Central Pain Syndrome understood and treatment found

It is still uncertain if this will be
enough to treat all of the pain that
will arise from the surgery.
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theory of self that suggests that
the mind – our cognition – arises from how our bodies, including
the brain, interact in the physical
world - that the brain is not the
only part of the mind, but rather
that the body also participates in
the formation of self. This means
that not only are you your brain,
but you are also how your body
interacts with the world.14 Embodied cognition postulates that
the brain and body are greater as
a whole than as its parts, and that
together they make up whom you
are.3
The specific issue in head
transplant surgery is whether the
mind derives from the donor head
or donor body, or from the interaction of the two? If the surgery is a
success, when the patient wakes up
we have no way of knowing who is
waking up: is it the person whose
brain was donated? or the person
whose body was donated? Or is it
someone new altogether? This person has the genetic material of the
body donor, the memories of the
brain, and a major surgery to recover from. This new person will
at the very least be confused, will
likely need to work through some
basic metaphysical questions, and
may suffer from serious psychological complications, including

“Cranium, Head, Optical Illusion” by
Gordon Johnson is licensed by CC0.

mood disorders, suicidal ideation/
tendencies or psychosis.3 It will
be critical to the success of head
transplant surgery that trained
specialists be available to assist the
patient in his or her psychological
recovery, as much as in his or her
physical recovery.
Who has Reproductive Rights? If the
patient survives and thrives, and
wants to have a baby, what should
happen?
The genetic material of this new
person will be that of the donor
body, which comes from a person
who is brain dead. Does the donor
body – or since he or she was brain
dead – his or her family, have a say
in the new person’s reproductive
behavior? In an attempt to salvage
control over the genetic material
that they share, in the absence of
consent from the brain-dead body
donor or his or her family, and no
genetic material should be passed
along through this new person.
Is this the best use of a Donor Body?
The waiting list for livers, hearts,
lungs, pancreas, kidneys, and other
organs for transplant is years long.
Donor organs are hard to come by,
and must be used as soon as possible. In the case of a head transplant, a donor body is valuable as a
whole to possibly prolong one life,
in an extremely high risk experiment. But it is significantly more
valuable, and can potentially help
more people, by being distributed
to many people who could use a
number of different organs.
Given current circum-

stances, including long organ wait
lists, and the extremely experimental nature of head transplant surgery, donor bodies should be used
to help alleviate the most suffering. This experimental surgery has
not been proven to work - cadaver
cases do not count4 - and with an
over $100 million price tag for the
first attempt, this will be a costly
endeavor, not only in expendable
resources like money, but also in
biological resources which could
be distributed to numerous other
persons in need.
What are Future Uses, Abuses, and
Misuses?
There is always a risk that when a
powerful technology is developed
that – in addition to the great positive effects it may have – it also
will be misused and abused. In
the case of head transplant, when
the technology is refined it might
be used for a sex change, so a person can be the biological sex they
identify as. This surgery could be
used to change health outcomes,
swapping a diseased body for a
new one. Also, this surgery has the
potential to change your body’s
age, artificially elongating life to
far past what is considered normal
today. This surgery has the potential to be a ticket to immortality.
So for a moment let’s pretend like this surgery is already
perfected. The kinks have been
worked out as far as the technical
side goes, and we will say that the
head donor will be the person who
comes out on the other side of the
surgery, making the philosophical question of “self ” void. For
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the sake of this article, let’s imagine that a wealthy middle aged
to elderly man wishes to become
young again. All he has to do is
find a donor body, sign a waiver
and prepare himself for the surgery to come.
The outcomes of the surgery will mean a higher quality of
life - having a fit, young body again
- and also will elongate the elder
man’s life. A younger body means
the hormone levels and blood of
a younger person. These different
factors have age-protective effects
on the body, and younger blood
even has a neuroprotective effect
on the brain. The thyroid complex
will be that of the donor body.
This means that the hormones
that are released into the body,
and eventually introduced into the
new brain, are that of a younger
man. Recent work looking at what
causes age-related changes looks at
two hormones, growth hormone
(GH), and insulin-like growth
factor-1 (IGF-1). GH and IGF-1
have important mechanisms for
ageing, and restoring these hormones to aged animals restores
cellular protein synthesis, lean
body mass, immune function, skin
thickness, and vertebral bone density. It can be assumed that in the
aged head and brain this would
help with recovering from the surgery, and also preservation of the
aged head.6
For a long time blood was
thought to be our life force. Now
we know that blood is the transporter of nutrients around the
body, without which we would
not be alive, which while similar
in meaning, has a different con-
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notation from life force. But recent research showed that blood
could take on an almost supernatural ability. The Villeda lab group
showed that introducing the blood
of younger mice could counteract
cognitive decline in older mice.
There was improvement in neurogenesis along with synaptic
plasticity, which counteracts age
related cognitive decline. Also introducing ‘pro-youth’ factors from
young blood can help reverse age
related impairments in the brain.15
This shows that a new body, and
therefore new blood, will actually improve the older brain of the
head donor. This neuroprotection
will allow for the head donor to
have better health outcomes and
be healthier all around, not just a
stronger body but also a stronger
brain as well. This isn’t immortality in a classical sense, because
eventually the brain will decay;
however, this will be a method to
push the boundary of what old age
is.
Because this surgery holds
so much promise for a variety of
different populations, it makes
body donors highly valuable. Sex
change, health improvement, and
age adjustment, all face the criticism mentioned above that by
using this donor body for their
own purposes, they take the donor body out of circulation for all
other types of donorship. There
is already a black market for donor organs, and if this surgery
becomes viable the demand for
whole donor bodies will only increase. I believe that there is a real
opportunity for financially needy
people to be taken advantage of

“Greedy, Money” by Gordon Johnson is
licensed by CC0.

for the economic benefit to their
family. For instance, any of these
3 populations of head donors may
have the means to pay a person
to give up their body, for the economic gain of their family. While
this is an extreme postulation,
there are extreme situations that
happen all over the world, and it
would be naïve to turn a blind eye
to this ethical concern for the possible corruption of the technology.
However, we still have some time
before we have to truly start worrying about full donor body markets. Perhaps before that occurs,
we will put in place guidelines to
help us only use this technology
for diseases that have no other effective therapy or cure.
Is it worth it?
This is a risky surgery, not only because of high risk of patient death,
but also because it could lead to
a totally new, psychologically unstable person coming out on the
other side. The resulting “new
person” is an amalgamation of a
brain and body that have given
consent but the “new person” has
not consented to the uncertainty
of physical, mental and emotional
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recovery. Since the surgery and
technical tests give no certainty of
ever regaining goal-directed movement, which is what most patients
on the “brain” side are seeking,
and since the “body” side has the
most work to relearn rudimentary
motor skills9, there is a basic ethical dilemma facing the resulting
new person, and the mind that
controls it. And the psychological development and healing facing the patient is significant, with
virtually no known guidance on
how best to assist in this endeavor.
Moreover, basic ethical questions,
such as who should control reproductive rights, is this the best use
of a donor body and its variety of
useable organs, and how to avoid
black markets from developing for
use in head transplants, must be
considered and thoughtful plans
developed to deal with those issues. Doctors have a duty to their
patients, and to their profession,
to uphold the Hippocratic Oath.
The Hippocratic Oath states that:

“I will apply, for the benefit
of the sick, all measures [that]
are required, avoiding those
twin traps of overtreatment
and therapeutic nihilism…
Above all I must not play
God…”13
Given the substantial open issues
involved, perhaps it is time to step
back and re-evaluate whether the
world is ready for head transplant
surgery.
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